A B S T R A C T

Background
Tobacco use has significant adverse effects on oral health. Oral health professionals in the dental office or community setting have a unique opportunity to increase tobacco abstinence rates among tobacco users.
Objectives
This review assesses the effectiveness of interventions for tobacco cessation offered to cigarette smokers and smokeless tobacco users in the dental office or community setting. 
Search strategy
Selection criteria
We included randomized and pseudo-randomized clinical trials assessing tobacco cessation interventions conducted by oral health professionals in the dental office or community setting with at least six months of follow up.
Data collection and analysis
Two authors independently reviewed abstracts for potential inclusion and abstracted data from included trials. Disagreements were resolved by consensus.
Main results
Six clinical trials met the criteria for inclusion in this review. Included studies assessed the efficacy of interventions in the dental office or a school community setting. All studies assessed the efficacy of interventions for smokeless tobacco users, one of which included cigarettes smokers. All studies employed behavioural interventions and only one offered pharmacotherapy as an interventional component. All studies included an oral examination component. Pooling of the studies suggested that interventions conducted by oral health professionals increase tobacco abstinence rates (odds ratio [OR] 1.44; 95% confidence interval [CI]: 1.16 to 1.78) at 12 months or longer. Heterogeneity was evident (I 2 = 75%) and could not be adequately explained through subgroup or sensitivity analyses.
Authors' conclusions
Available evidence suggests that behavioural interventions for tobacco use conducted by oral health professionals incorporating an oral examination component in the dental office and community setting may increase tobacco abstinence rates among smokeless tobacco users. Differences between the studies limit the ability to make conclusive recommendations regarding the intervention components that should be incorporated into clinical practice.
P L A I N L A N G U A G E S U M M A R Y
Tobacco cessation counseling interventions delivered by dental professionals may be effective in helping tobacco users to quit.
As well as the well-known harmful effects of smoking on respiratory and cardiovascular systems, tobacco use is associated with an increased risk for oral disease, including oral cancer and periodontal disease. Dental professionals are in a unique position to help tobacco users who present for dental care by providing cessation assistance. We identified and pooled six studies that showed a benefit of tobacco cessation counseling by dental professionals. The odds ratio was 1.44 (95% confidence interval 1.16 to 1.78) at 12 months, in favour of counseling, compared with usual care or no contact. The major implications of these findings are for smokeless tobacco users in the dental settings, as we found limited evidence for the effectiveness of similar interventions for cigarette smokers.
B A C K G R O U N D
In addition to the well-known harmful effects of smoking on respiratory and cardiovascular systems, tobacco use has significant adverse effects on oral health. Cigarette smoking is associated with an increased risk for oral disease (Gelskey 1999; Mecklenburg 1998; Salvi 2000). Tobacco exposes the oral cavity to toxic carcinogens that may have a role in initiation and promotion of cancer, or carcinoma (Mirbod 2000). Tobacco is the major inducer of oral squamous cell carcinoma (SCC) and is considered to be responsible for 50% to 90% of oral cancer cases worldwide (Epstein 1992; Holleb 1996). The incidence of oral SCC is four to seven times greater in smokers than non-smokers (Piyathilake 1995). Oral cancer and pre-cancer occurs more frequently in smokers, and quitting smoking decreases the risk for oral cancer within 5 to 10 years (EU Work group 1998). Tobacco exposure is also harmful to periodontal health, and smoking status is an important factor in the prognosis for periodontal therapy, oral wound healing, implant therapy, and cosmetic dentistry (Mecklenburg 1998). Smoking results in discolourations of both teeth and dental restorations, and is associated with halitosis, diminished taste, and an increased prevalence and severity of periodontal disease (EU Work group 1998). Cigarette smoking is causally associated with an increased prevalence and severity of periodontitis (Gelskey 1999), even when adequate oral hygiene is practiced (Kerdvongbundit 2002). Cessation of smoking may halt disease progression and improve outcomes of periodontal therapy (EU Work group 1998).
Smokeless tobacco use has been reported to cause tooth decay (Tomar 1999) and discoloration of dental restorations (Walsh  2000) . Chewing tobacco, in particular, is associated with an increased risk for dental caries due to high sugar content and increased gingival recession. Abrasive particles in chewing tobacco may contribute to significant dental attrition which may require dental restorations in advanced cases (Bowles 1995; Milosevic 1996) . Cross-sectional studies have suggested that smokeless tobacco users with co-existing gingivitis have high rates of gingival recession, mucosal pathology, and dental caries (Offenbacher 1985) . Smokeless tobacco use has also been associated with irreversible gingival attachment loss resulting in root exposure (Ernster 1990 The dental practice setting provides a unique opportunity to assist tobacco users in achieving tobacco abstinence (Christen 1990) . Widespread acceptance of tobacco use interventions in the dental setting have been lacking and limitations in primary care resources have curtailed further efforts (Warnakulasuriya 2002). Compared to other health care providers, dentists more accurately estimate patient tobacco use (Block 1999). However, dental practitioners are less consistent with and supportive of intervention, less likely to report having strong knowledge or skill levels regarding tobacco cessation, and more likely to perceive barriers to tobacco intervention (Block 1999). More than 40% of dentists do not routinely ask about tobacco use and 60% do not routinely advise tobacco users to quit (Tomar 2001).
While 61.5% of dentists believe their patients do not expect tobacco cessation services, 58.5% of their patients felt such services should be provided (Campbell 1999). Barriers to providing tobacco cessation service include concern for patient resistance (Campbell 1994), lack of knowledge, lack of time (Dolan 1997), lack of financial reimbursement (Fried 1992), and a concern for poor co-ordination of care between dentistry and tobacco cessation services (Campbell 1994).
O B J E C T I V E S
We assess the effectiveness of interventions for tobacco cessation offered to cigarette smokers and smokeless tobacco users in the dental office or community setting. We were interested in testing the following hypotheses: 1) In dental settings, brief counseling cessation interventions are more effective than usual care for increasing tobacco abstinence rates among tobacco users. 2) Brief counseling cessation interventions conducted by dental professionals combined with nicotine replacement therapy (NRT) is more effective than NRT alone for increasing tobacco abstinence rates among tobacco users. 3) Tobacco use interventions incorporating personalized feedback from an oral examination is more effective than interventions without personalized feedback from an oral examination for increasing tobacco abstinence rates among tobacco users. 4) Tobacco use interventions conducted by dental health professionals are more effective than interventions conducted by other healthcare professionals for increasing tobacco abstinence rates among tobacco users.
C R I T E R I A F O R C O N S I D E R I N G S T U D I E S F O R T H I S R E V I E W
Types of studies
All randomized and pseudo-randomized (i.e., by patient number, date of birth, day of attendance) controlled trials were included. The unit of randomization was the dentist or practice for the studies in the dental office setting, and college or high school for the studies in the community setting.
Types of participants
Patients or subjects of any age reporting tobacco use and receiving oral health interventions by dental professionals were included. Subject recruitment and participation included both those actively seeking treatment and those who did not express an interest in quitting. All tobacco users (cigarette, cigar, and pipe smokers, and smokeless tobacco users) were included.
Types of intervention
We included any intervention to promote tobacco use cessation (intervention versus usual care or placebo, and/or intervention versus other intervention), which included a component delivered by a dentist, dental hygienist, dental assistant or office staff in the dental practice setting and any combination of these, as well as the same individuals providing intervention as part of a community effort. Interventions could include brief advice to quit, provision of self-help materials, counseling, pharmacotherapy or any combination of these, or referral to other sources of support. Interventions that were directed at both smokers and smokeless tobacco users were included. Interventions aimed at the training of dental health professionals were included.
Types of outcome measures
The outcome measure was smoking and tobacco use cessation, assessed at least six months from the delivery of the intervention. Trials which did not report tobacco use outcomes or did not have sufficiently long follow up were excluded. Biochemical validation of self-reported cessation was not required but was recorded.
S E A R C H M E T H O D S F O R I D E N T I F I C A T I O N O F S T U D I E S
See: methods used in reviews.
The Specialized Registers of the Cochrane Tobacco Addiction Group and the Cochrane Oral Health Group were searched for references to tobacco use interventions by dental health professional, in the dental practice setting or otherwise. We also searched the following electronic retrieval systems and databases: The following terms were used to describe the participants: smokers; smoking; cigarettes; smokeless tobacco; chewing tobacco; oral tobacco; spit tobacco; snuff; quid; chew; plug; tobacco use(rs). The following terms described the interventions: randomized; dentists; dental; hygienists; dental-patient relations; behavior modification; conditioning therapy; therapy; behavior; therapy; conditioning; group therapy; cognitive therapy; counseling, behavioural intervention; pharmacotherapy; therapy, drug, patient education, and health promotion. The following terms were used to describe the outcomes: tobacco use cessation; smoking abstinence; tobacco abstinence. The following terms describe the intervention environment: dentists; dental; hygienists; dental-patient relations, oral health.
The Medical Subject Headings (MeSH) used in MEDLINE and CINAHL were also used to focus on the dental environment:
limit retrieval to the dentistry journals subset; or subject headings Oral Health/ or exp Dentistry/ or exp Dental Staff/ or exp DENTISTS/ or DENTIST'S PRACTICE PATTERNS/ or exp dental auxiliaries/ or dental hygienists. Keywords of the various oral specialties orthodont$, periodont$ and endodont$ were also searched. There were no language restrictions. In general, records were searched by conducting searches the following way: (participants OR outcomes) AND interventions. We contacted experts in the area to locate unpublished studies in an effort to minimise publication bias.
M E T H O D S O F T H E R E V I E W
Two authors screened the records retrieved by the searches for potential relevance against stated inclusion criteria: randomized/ pseudo-randomized clinical trial, dental setting, tobacco cessation interventions, and cessation measures of six-month minimum follow up. Two authors checked studies of possible relevance for inclusion or exclusion, and independently extracted and compared data. We resolved disagreements by discussion and consensus (using a third author when necessary).
We extracted the following information about each study:
• Site: including country and type of dental practice
• Method of randomization and allocation concealment, and whether individual or cluster randomized
• Method of participant selection
• Characteristics of the intervention (behavioural/ pharmacologic, delivered by whom)
• Characteristics of participants (type of tobacco use, interest in quitting)
• Outcome assessment (length of follow up, definition of quitting, method for validation of self-report)
For each study we selcted the outcome with the most rigorous definition available with regards to maintenance of abstinence (i.e., continuous versus point prevalence) and type of tobacco abstinence (i.e., all tobacco versus smokeless tobacco only). Rates were based on an intention-to-treat analysis with drop-outs and losses to follow up assumed to be continuing tobacco users. We noted any difference in numbers lost to follow up between intervention and control groups.
Randomization and allocation concealment were graded A if the method is described in sufficient detail to ensure that allocation was blinded until after trial enrolment, B if there was insufficient detail, and C if allocation was not concealed (as in use of patient record numbers, day of attendance, etc). Where there appears to have been a large loss to follow up we assessed whether the findings were sensitive to the use of different denominators. In addition to the grading above, we assessed bias impact on strength of the evidence by identifying trials with multiple sources of bias, and we comment on the potential impact of the bias on the overall treatment effect.
The outcome from each trial was expressed as an odds ratio (OR).
Where cessation is the outcome this was defined as (number of quitters in treatment group/number of smokers in treatment group)/(number of quitters in control group/number of smokers in control group). The OR was greater than 1 if people were more likely to quit in the treatment group. A pooled weighted average of ORs was estimated using a fixed-effect model, MantelHaenszel method, with 95% confidence interval. If any studies in a group to be pooled had corrected for clustering or differences between groups, and therefore generated ORs that do not derive directly from numbers of quitters, studies were pooled using the generic inverse variance method, with study results expressed as an estimate of treatment effect and a standard error (Higgins 2005).
Where odds ratios were derived through this method, we have displayed the raw data for information in the Additional Tables section.
We hypothesized that the following would explain heterogeneity which was explored through subgroup analyses: 1) Patientssmokers (cigarette, cigar, pipe) versus smokeless tobacco users; patients enrolled based on their interest in tobacco cessation versus patients enrolled regardless of interest in quitting (e.g., subjects enrolled in a study requiring informed consent to participate versus subjects enrolled in a study implemented in a dental practice enrolling all patients who are treated clinically); highly dependent versus less dependent tobacco users using the Fagerstrom Tolerance Questionnaire or modifications of the this dependence measure (to the extent that dependence is similarly categorized across trials); specialty practice versus general practice dental settings; 2) Interventions -interventions delivered by dentists versus dental hygienists or other dental staff; behavioural interventions versus pharmacologic interventions; 3) Outcomes -all tobacco abstinence versus tobacco-specific (cigarette smoking, smokeless tobacco) outcomes; 4) Method of randomization -cluster versus individual. We assessed heterogeneity using the I 2 statistic (Higgins 2003).
Sensitivity analyses included assessment of changes in the estimate of the treatment effect using the random effects model compared with the fixed effects model. . The school community studies enrolled high school and college-aged male athletes with no pre-specified age criteria.
D E S C R I P T I O N O F S T U D I E S
All of the school community studies based their intervention on the Cognitive Social Learning Theory (Bandura 1986), two of which reported that the Diffusion of Innovation Theory (Rogers 1983) was instrumental for incorporating the use of peer leaders. No such theoretical foundation was mentioned for the interventions applied to the dental office studies. Nicotine replacement therapy in the form of gum (2 mg) was used in one of the school community studies (Walsh 1999). The gum was reinforced with counseling by a dental professional. In the majority of the studies, dental professionals (dentists and dental hygienists) provided counseling interventions which most often included combinations of an oral examination, feedback from the examination as to oral effects of tobacco use, a message to quit, motivational counseling using printed material or media presentations, and self-help aids. In two of the three dental office studies, the usual care group included no structured intervention (Andrews 1999; Stevens 1995), and in all the school community studies the control schools received no formal training.
In two of the three dental office studies, the dental office was the unit of randomization (Andrews 1999; Severson 1998) after blocking by average number of hygiene visits per week and number of years dentist had been in practice. In the remaining study, the patient was the unit of randomization and assignment was based upon the last digit of their identification number (Stevens 1995).
In the school community studies, the school was the unit of randomization following stratification based on baseline prevalence of tobbaco use.
For all included trials, participants were followed for at least 12 months and one study followed participants for 24 months ( 
M E T H O D O L O G I C A L Q U A L I T Y
Report of randomization in two studies (Gansky 2002; Gansky 2005) was sufficient and rated A. The remaining studies did not report how randomization was performed or reported it in insufficient detail to determine whether a satisfactory attempt was made to control for selection bias (Andrews 1999; Severson 1998; Walsh 1999). Pseudo-randomization based upon last digit of patient identification number was used in one study (Stevens 1995) .
No biochemical confirmation was used to validate self report in three studies (Andrews 1999; Gansky 2005; Severson 1998). In the remaining three studies, biochemical confirmation was initially utilized and abandoned (Stevens 1995), or used to enhance self report (Gansky 2002; Walsh 1999) (i.e., the 'bogus pipeline' method).
Ability to blind was limited due to the nature of the behavioural interventions evaluated.
In one school-based study (Gansky 2005), the authors describe a 'spill-over' effect between the intervention and control group that was felt to bias the results of the trial.
R E S U L T S
All analyses were conducted following adjusting for clustering of patients within practices and schools using the reported intraclass correlation coefficients (ICCs) and generic inverse variance method. Since all of the studies in which subjects were enrolled based upon their tobacco use status were also conducted in the dental office setting, we cannot determine the influence of each factor independently. Dependence was measured differently or not at all across studies so a comparison cannot be made regarding differences in baseline dependence. Interventions in the dental office setting were conducted in general dental practices during hygiene visits within general dental practices only, so comparisons between general practice and subspecialty care cannot be made.
Interventions:
Interventions in all studies were a team effort with the dental hygienists as the primary behavioural interventionists. Outcomes: When the studies assessing interventions for smokeless tobacco users that reported smokeless abstinence rather than all tobacco abstinence at 12 months or longer were analyzed separately, the ORs and CIs were similar to the overall analysis and heterogeneity remained significant. Method of randomization: Subgrouping by type of randomization did not explain the heterogeneity [Comparison 1, Outcome 3]. Overall, the source of the heterogeneity is not well-explained.
Given the high proportion of heterogeneity present in the studies reported, we performed a sensitivity analysis using a random-effects model. For Outcome 1, the significant difference seen with the fixed-effect model for an increase in the odds of tobacco abstinence at 12 months or more remained with the random-effects model (OR 
D I S C U S S I O N
Our review reveals that limited published literature exists assessing the impact of tobacco use interventions conducted by oral health professionals. However, available evidence is consistent with the hypothesis that dental interventions conducted in the dental office and school community setting are more effective than usual care for promoting tobacco use cessation. The pooled tobacco abstinence at 12 months was 1.44 (95% CI: 1.16 to 1.78). This equates to a difference in cessation rates of 3% between the groups receiving the behavioural intervention and those that do not. The number-needed-to-treat with a tobacco use intervention conducted by an oral health professional is 33.
While the overall effect of the intervention may be small, the pooling of the studies in this review represents tobacco abstinence at 12 months or longer. No consensus has been reached on the duration of abstinence that should be reported in trials of interventions for tobacco use (Hughes 2003). However, reporting of 12-month outcomes or longer may equate more closely to life-long tobacco abstinence and be less likely to give false positive results (Hughes 2003).
The results of this analysis should be interpreted with caution in light of potential methodological limitations. The existence of publication bias cannot be ruled out as unpublished reports may not be represented in the effect estimate. The methodological quality of the studies could also be a source of concern due to the inability to blind, unclear methods of treatment allocation, tobacco cessation validation based upon self reports, and inconsistent content and delivery of dental-specific intervention within the pooled studies.
Although all of the included studies contained a dental intervention component, significant heterogeneity was evident. The source of heterogeneity is unclear and our methods to assess heterogeneity were unfruitful. Among the smokeless tobacco intervention studies, heterogeneity was explained by the removal of one study (Gansky 2005 did not observe a significant treatment effect and propose that a 'spill-over' effect had occurred from the intervention group to the control, thus washing out any potential treatment effect. The authors support this hypothesis through previously unpublished findings and the suggestion that California athletic trainers are a closely-knit group. One year earlier, a survey of athletic trainers found that 14% provided tobacco-cessation counseling. During the study period, a similar survey observed that 30% reported providing tobacco-cessation counseling. These results need to be interpreted with caution.
All of the studies included in this review included brief advice to quit by an oral health professional. Brief advice from physicians has been shown to be an effective means to promote cessation (Lancaster 2004), and this review suggests the same can be expected from dental professionals interacting with smokeless tobacco users. Clinical practice guidelines advise brief interventions in the clinical setting where patients are asked about their tobacco use and then advised to quit. If the user is ready to quit, the clinician can offer specific assistance and provide follow-up care. An insufficient number of studies are available to determine what specific assistance measures provide additional effectiveness beyond brief advice to the dental professionals intervention.
The public health benefits of tobacco cessation interventions within the dental setting are potentially significant. The findings for the smokeless tobacco users in this review suggest that there is an advantage of cessation interventions using dental professionals; however, the limited number of studies reviewed does not allow identification of intervention components most critical for cessation.
A U T H O R S ' C O N C L U S I O N S
Implications for practice
Interventions for smokeless tobacco users in the dental setting, either in the dental office or in the school community, may increase the odds of quitting tobacco. Insufficient evidence exists to make conclusions about the effectiveness of these interventions for cigarette smokers.
Implications for research
Additional study of tobacco cessation within the dental office setting is important to identify critical intervention components which are effective for this group of providers in this clinical setting. It is especially important to expand the knowledge base for interventions targeting cigarette smokers.
P O T E N T I A L C O N F L I C T O F I N T E R E S T
None.
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R E F E R E N C E S
References to studies included in this review
Interventions
Steps for all patients in the minimal and extended intervention: 1) Determined tobacco use status from the patient's chart and health questionnaire; 2) Identified and recorded findings from the oral examination and related them to patient's tobacco use; 3) Gave advice to quit and relating advice to oral health; 4) Gave the patient a packet of materials that included pamplets of health problems/ways to quit; a quit kit with sugarless candy and gum, flavoured toothpicks, and rubber bands. In addition, the extended intervention asked the patient to set a quit date within 2w of visit, gave the patient a motivational video, and called the patient within 2w after the hygiene visit to ask if he/she read the materials, watched the video, and either quit or is now willing to set a quit date.
Outcomes 12m 'sustained' abstinence from ST and all tobacco: subjects must have reported 7-day point prevalence ST and all tobacco abstinence at both 3m and 12m. Interventions Intervention: 3-5 min dental exam, advice to quit, discussed ST-related tissue changes, photographs of facial disfigurement due to oral cancer, self-help guide, offered a 10-15 min counseling session by the hygienist which included nicotine gum, review of addiction nature of ST and nicotine withdrawal, setting a quit date, developing a plan to quit, and identifying triggers for tobacco use. Phone calls were conducted by the hygienist on the quit date and 1m later.
Characteristics of excluded studies (Continued )
Olson 1985 15-week outcomes only of salivary parameters before and after among smokers using nicotine-containing chewing gum. No tobacco cessation outcomes.
Secker-Walker 1988 Not an RCT. Pilot study of smoking cessation advice among patients in a periodontal practice.
Smith 1998
Not an RCT. Case series of smoking cessation programs conducted in dental practices in the UK.
Williams 2002
Abstract unavailable. No additional information supplied by author.
Wood 1997
Not an RCT. 3-month data only. Office-based training in tobacco cessation for dentists. 
RCT; operator blinded
A D D I T I O N A L T A B L E S
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